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Synthetic carbohydrate cancer vaccines have been shown to stimulate 
antibody-based immune responses in both preclinical and chmcal 
settings. The antibodies have been observed to react m^tro with the 
corresponding natural carbohydrate antigen* express©* on thesur^ 
face of tumor cells, and are able to mediate coindlemem-ctepentfent 
and/or antibody-dependent cell-mediated cytotoxicity. Furthermore, 
these vaccines have proven to be safe when administered to cancer 
patients. Until recently, only monovalent antigen constructs had been 
prepared and evaluated. Advances in total synthesis have now 
enabled the preparation of multivalent vaccine constructs, which 
contain several different tumor-associated carbohydrate antigens. 
Such constructs could, in principle, serve as superior mimics of cell 
surface antigens and, hence, as potent cancer yacanes. Here we 
report preclinical EUSA^based evaluation of a TF-Le*-Tn bearing 
construct (compound 3) with native mucin glycopeptide architecture 
and a Globo-H-Ley-Tn glycopeptide (compound 4) whh a normative 
structure- Mice were immunized with one or the other of these 
constructs as free gtycopeptides or as keyhole lymphet hemocyaron 
conjugates. Either QS-21 ortheretetedGtT-0100 were coadministered 
as adjuvants. Both keyhole lymphet hemocyanm conjugates induced 
IgM and tgG antibodies against each carbohydrate antigen, however, 
the mudn-based TF-Le^Tn construct was shown to be less antigenic 
than the unnatural Gk>bo-H-U*-Tn construct. The adjuvants, al- 
though related, proved significantly different in that GSWIQO con- 
sistently induced highertitere of antibodies than QWi. The presence 
of multiple grycans in these constructs did not appear to suppress the 
response against any of the constituent antigens. Compound 4, the 
mora antigenic of the two constructs, was also examined by fluores- 
cence activated cell sorter analysis, signfficantiy. from these studies it 
was shown that antibodies stimulated in response to compound 4 
reacted with tumor cells known to selectively express the individual 
antigens. The results demonstrate that single vaccine constructs 
bearing several drfferent carbohydrate antigens have the potential to 
stimulate a murtifaceted Immune response, 

conjugate vaccines | synthetic voccine* I multivalent 1 polyvalent vaccines 

Tbe level of expression of cell surface raibohydrate antigens \s 
often significantly increased on carcinogenic transformation, 
and, in some cases, the expression of particular antigens appears to 
bs associated primarily with the transformed state (1, 2). Thus, 
caxbohydracc-based antigens offer the potential for a targeted 
immunotherapeutlc approach to the treatment of certain forms of 
cancer. The development of effective cancer vaccines based on 
carbohydrate antigens is an extremely challenging undertaking, 
however, and There are potential impediments to the success of such 
an endeavor. The first of these is related 10 the inherently ' low 
immunogeniciry that the native carbohydrate antigens may exhibit 
To mount an effective active immune response, this immune 
tolerance to the "self-antigens" must be overcome. Another factor 
that must be addressed en route to the development of carbohy- 
drate-based cancer vaccines is that their isolation from natural 
sources is an extremely arduous task, and typically results in only 
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minute quanties of material being obtained Although the reac- 
tion of an immunological approach to cancer control usmg carbo- 
bYdrate-basBd vaccine constructs is clearly a nontnvial undertaking, 
efforts of this son appear well justified, as there is considerable 
evidence supporting the notion that naturally acquired, accrvery 
induced, or passively administered antibodies directed against 
carbohydrate antigens are able to mitigate against circulating tumor 
cells and rricrometastases (3, 4). 

We have been engaged in the development of cancer vaccmcs 
based on carbohydrate motfs (5). To overcome me complexities 
associated with the isolation of tumor antigens from natural 
sources, wc have developed a total synthesis program, which allows 
us to chemically synthesize such antigens, even those of complex 
structure (6). When our approach is used, the chemically homog- 
enous antigens are obtained m a form that allows facile conjugation 
to an immunogenic carrier protein. Sufficient quantities of these 
constructs can readily be synthesized to support prectmical and 
clinical evaluation. We have, on several occasions, demonstrated 
that covalent attachment of the antigen constructs to an immuno- 
genic carrier protein, and OT actaunistration of the resulting conju- 
gate vaccine with an immunological adjuvant, leads to a clear 
humoral response (7). Our experiences so far have focused on the 
use of keyhole limpet hemccyanin (KLH) as the carrier protein, 
along with QS-21 as the adjuvant (7). Vaccination based on such 
protocols has proven effective in eliciting antibody responses 
against a variety of cell surface tumor antigens (8). At least to date, 
this modus operandi has proven to be more effisctrve than the use 
of other carrier molecules (7) and other adjuvants (7, 9, 10). 

Initially, our program focused on the development of vaccines 
based on individual glycolipid antigens attached to KLH (11-16). 
We refer to these as mcmomertc conjugate vaccines. Later, we 
examined synthetic nmcio-based antigen conjugates, in which sev- 
eral copies of a particular antigen were displayed within a single 
construct, a format that we refer to as clustered conjugate vaccmes 
(11-13, 15-17). Recently, monomeric vaccines based on Globo-H 
and Ley (13, 16, IS, 19), and clustered constructs containing Tn and 
TF 5 ' have been advanced to the clinic for the treatment of breast, 
ovarian, and prostate cancer recurrence. Approaches involving 
these particular constructs have targeted one antigen per vaccme. 
It is typically the case, however, thai several different carbohydrate 
antigens are associated with a given cancer type, and these antigens 
are likely expressed at varying levels during the phases of cellular 
development (1, 2). Consecjuently, vaccine-based approaches tn- 
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fig. 1 . Fully synthetic multivalent constructs 1-4. 

vohring a single antigen may neglect a significant population of 
transformed cells. . _ 

In principle vaccination strategies tot target a range of tumor- 
associated antigens should lead to a diverse immune «sponse, to 
which the likelihood of immunoevasion by heterogenous cell jrypes 
is reduced. In this connection, we wondered whether a angte 
vaccine construct bearing multiple tumor «*fe»«^2S 
oped. To this end, we have prepared two distinct fetfopep^ 
Xucts, each containing three different antigens. We refer to 
these species as multivalent conjugate vaccines. One wwlruc* 
closely adheres to the known characterMcs of mucm ^eopepnde 
architecture (20), i.e, the core grycan is a 0^5^*°** 
serine, and displays the TF, W, and Tn eatigens Ofk UJ™ 
cnter^iistructdoes not embody the natural o>0-bnked GalNAc, 
and displays Globo-H, Le>, and In on Tiis-homoserme residues (2, 
Fits, lUn bo th eases, the gycoamioo acids ate presented in a format 
JJisxat of mictoheterogeneous ceil surface gr/coproteins. Our 
hope tn developing these constructs was that vaccination with a 
s Z e KLH conjugate, which displayed several different antigens, 
would stimulate a multifaceted immune response converging on a 
particular form of cancer. The focus of this investigate was 
Primarily to establish the feasibility of such an immune response, 
which would then justify the development of more *«Mfsd 
vaccine constructs in which each of the antigens ware djsplayedm 
a clustered format. It is well to note that, before the present 
investigation, single entity vacation wiih multivalent carbohy- 
drates conjugated to an immunogenK earner had . not been re- 
ported, which is no doubt a result of the complexities assoctaced 
withthe synthesis of such systems. For the purposes of oursUuiy. 
wo focused on four Of our most extensively mwnmio-c^cter»ed 
carbohydrate antigens. Our intention was to allow for 
immunological and. eventually, clinical comparisons, while devel- 
oping potentially effective cancer therapies. 

Fromthe outset Of our investigations, we wondered about the 
effect that the differential modes of carbohydrate presentation ^e, 
naturally occurring murin-based, versus nonflamraUy occurring 
Tris-homoserine+ased) might have on the iinrounogemcity of the 
conjugate vaccines. It was indeed interesting to note Uiat, m 
preliminary EUSA investigadons (data not shown), of the two 
conjugate vaccines, the Tris-homoserine construct 4 appeared to be 
considerably more antigenic than the naturally inspired muan- 
based species 3. Accordingly, we have focused on construct 4 for 



Rg. 2. <5en«al procedure for formatien of glycoamlno *a conjuflWM from 
n-pBnwnyl glycosides. 

thorough immunological analysis, mctuding an ^r,dedEUSA- 
based tavesrigation. and fluorescence activated cell sorter (FACS)- 
based analysis. Synthetic access to compound 4 was possible as a 
result of methodology recently developed in our labo^tory forihe 
efcboration of H-pemenylglycosides to glycoammo and conjugates 

(S b,S Sidy described herein, we examined the irnimmological 
properties of compound 4 when adoumstered in the presence^ 
Q^2lOl), or, fo/wOTparison purposes, the related but less tax* 
adjuvant GPI-0100 (22). As controls, we evaluated the nnniunoge- 
uiciry of the nonconjugated compound 2, and conducted a con- 
current investigation on a mixture containing each of themono- 

Srpertoentwas conducted for 

rcsnonse by a single mouse to each of the individual antigens, m 
rSse to vaccination with the polyvalent construct versus the 
S^cf monomers. To address issues relating to vaeeinB fbnn* 
ST« determined the level of immune response directed 
asainst each antigen, within the construct. Furthermore, in antic- 
£km S dS trials, we assessed the abuiry of annbod.es, so 
generated, to react in wiw with human cell lines known to express 
the individual antigens. 

Materials and Methods 

Vaccine Preparation. Conjugate vaccines 3 and 4 were prepared as 
follows. KLH (Sigma; molecular weight = 8.6 X 10*) was modified 
by using m^emidobenzoyl-JV-bft/droxysuecininude ester (Tierce) 
as described (23). Construct 1, containing TF. Le», and Tn, and 
construct 2, chaining Globo-* W. ^d ^re prepared 
total synthesis using solution phase peptide synthes* frwn the 
appTOtaiatery protected constituent glycoamino acids (24 25). Tne 
££* function was incorporated TO facilitate attachment to 
KLH Global deprotection of the synthetic material revealed com- 
pounds 1 and 2. Addition of construct 1 or 2 to the maleirmde- 
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Fig. 3. Moowneric c&rrt«Js used in vjednation tMtfy- 



13700 | 



,pnai.org/cg;/dor/10Ll07a/pna5^0V27S99 



togypathi et a/. 



PACE 37158 • RCVD AT 5/2312006 2:20:15 PHI [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/9 * DNIS:2738300 ' CSID:6172484000 1 DURATION (mm-ss):23-0v 



JUN. 23. 2006 2:29PM CHOATE HALL & STEWART 6172484000 



NO. 981 P. 38 



dcrtvatizcd KLH w« achieved by incubating the mixture at roam 
temperature far 3 h, followed by removal of the uiucacffid synthetic 
grycopeptide peptide by uslnga 30,000 molecular cutoff Centnprep 
filter (23). 

Animals and Vacation*. Groups of five female <3^™C6 {£ 
weeks of age; The Jackson Laboratory) were unrramized s_c. as 
follows: group 1, inuminizcd with construct 2 (10 plus QS-21 
flO uri f/wtigBiiicNew York); group 2, hmmmrzed w»th2 (10 he), 
fflftju^ to 2), plus QS-23 (10 «d; group 3, 
Ctuni^ with 4(3^), plus QS-21 (10 4, miTOd 

with 4 (3 nfi), plus GPJOIOO (100 mS) (Galemca Pharraacevncals 
Ci^SaL); group S, immunized with a iniflure contamuig 
10 U%nd U (3 « each), plus QS-21 (10 tf). Mice were 
ILom^d on ttays V7, and 14, and bled 10 days after the tfcrd 
vaccination. 

Serological Analyses. £tKA BUSAs were performed as 

Briefly, ELISA plates were coated with either syniheac Globo- 
H-cciaciide, or Le* and Le* expressing mucin punBed Irom ovarian 
cyst fluid (26), or Tn-HSA, or GloboH-L^-Tn-HSA in 0,1 M 
donate buffer (pH 11). at 03 ^11 for gryooliplds and 0 .2 
ufiAveD for glycoproteins- Serially dUutcd antiserum was added to 
eadi well, and alkaline phosphate-conjugated goati anti-mouse 
IgM or anti-mouse IgG was added at a dilution of 1:200 (Southern 
Biotechnology Associates). EUSA titers are defined as the highest 
dimtion yielding an absorbance of 0.1 or greater over thai of normal 

control mouse sera. . 
M ttfrfece rcactMty rfetenwued by FA<3. The cell surfece reactiviry 
of immune sera was tested on human cell lines ssdasenbed (8). 
Briefly, reactivity was assessed tyj^**^^^ ^'ifj t ^\ 
anti-Tu antibodies tested on MCF-7 (Globo-H and If?™**) 
and LS-C mi and le* positive) ceUs (provided by S. H Itzkowifc 
Mount Sinai Hospital, New York) ^Sin^ <^ ^^^ ^ 
2 X 10 5 cells per tube were washed in PBS with 3% FCS and 0.01M 
KaN 3 and incubated with 20 fd of 1:20 diluted antisera or mono- 
clonal antibodies for 30 min on ice. The positive control luAbs weTe 
VX-9 against synthetic Globo-H (2S), 3S193 against l£V?)>J?* 
aTn against Tn (DAKO). After two washes with 1% PCS m FBS, 
20 *d of 1^5 diluted goat anti-mouse IgM orlgG-labeledwith FlTC 
was added, and the mature incubated for 30 min. After a final wash, 
the positive population and mean fluorescence intensity of stained 
ceJIswerc differentiated by using FACScan (Becion Dickinson). 

Antibody Response AgaEnst elobo-H-LeX-Tn Construct (7X ELISA 
antibody titers against Giobo-H-L^-1n in sera from ouce immu- 
nized with 4 was determined and results arc summarized m labie 
1 Relatively strong IgM and IgG titers were detected in mice 
vaccinated with 4, compared with prevaccination sera, which 
showed no IgG and IgM titers. Construct 4 induced both IgM and 
IeG antibodies, with the GPHJ100 group mducmg significandy 
ht&hermcrs compared with the QS-21 group. Group 5 induced; very 
low IgM and IgG titers against the multivalent construct (see Tabic 
1) when compared with groups 3 and 4. 

Antibody Response Against Globo-H Ceraroide. ELISA antibody titers 
against Globo-H-ceramide in sera from mice immunized wun 4 
were determined. As summarized in Table 1, weak IgM titers were 
detected in prevaccination sera, while sera obtained after vaccina- 
tion with 4 showed increased IgM and IgG titers. No difference m 
IgM titers between groups 3 and 4 was detected. However, the 
group receiving QS-21 induced IgG antibodies against Globo-H, 
whereas the group receiving GPJ.-0100 failed to do so. Sera ob- 
tained from group 5 reacted with Globo-H, relative to all other 
groups. 

Antibody Response Against Lev. EUSA antibody titers against Le7 in 
sera from mice immunised with 4 were tested and the results are 
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summarised in Table 1. With the exception of group 1, no detect- 
able anti-Ley antibodies were present in prevaccination set* In 
general sera obtained after ^^^^l^^^^t 
vaccines, reacted relatively strongly with I* by ELISA. Constir^ 
4 induced both IgM and IgG antibodies against Le*. No deference 
in antibody production was observed between ^ups 3and 4, 
navmgSdQS.21 and GPLO100, respectively. No^ferencem 
antibody titers was observed between mice immunized with con- 
struct 4, or with a rniccure containing monomenc constructs 10, U, 
and IX 

Antibody Response Against Tn Antigen. ELISA antibody titers 
against Tn-HSA m sera from mice immunized with 4 and m^ure 
ofconstructs 10, 11, and 12 were determine* As surnmar^ m 
Table L no IgM or IgG activity was detected in prevaccmahon sua. 

adjuvant GPI-0100 induced 1-foW higher titer than adjuvant QS-21 . 
Group 5 also showed high IgG titers against Tn antigen- 
Cell surface Reactivities Cell surface > wfdj^ of Jho ^ was tested 
by flow cytometry using MCF-7 (Globc-H, Le> and Tn positive) 
aid LS-C(Tn and U& positive) cell lines. The resuhs are^mma- 
rized in Table 2, and the histograms of FACS agamst MCF-7 for 
.roups 3 4, and 5 are presented in Fig. & Sera obtained from all 
Seated mice shK minimal reactivity (<10% positive 
cells). After vaccination, groups 3, 4 and £ showed s^cant^M 
reactivity and low IgG reactivity against MCM oells.No significant 
difference in cell surface reactivity against MCF-7 was observed 
with sera obtained after vaccination With construct 4 (group 3) or 
a mixture of constructs 10, 11, and 12 (group 5). There also did not 
anpear to be a difference in cell surface reactivity between the 
adjuvants QS-21 (group 3) and GFI-0100 (group 4), 

Discussion 

The model underlying the trearment of cancer patients with 
synthetic conjugate vaccines, based on ceU-surface ™ 
the adjuvant setting, is thai of vaccination with bacterial poly- 
saccharides in the area of infectious diseases. In that case, 
antibodies prevent infection through the elimination of circu- 
lating pathogens. Antibodies stimulated via synthetic tumor- 
associated carbohydrate antigens might have the potential to 
suppress and eliminate circulating tumor cells associated with 
xnicrometastases. Although carbohydrate-based antigens are 
relatively weakly immunogenic, conjugation to highly immuno- 
genic earners frequently succeeds in inducing robust immune 
responses against the desired epitope (30-33). 

To date we have advanced several carbohydrate-based cancer 
vaccines to clinical trials. In an effort to broaden the range of 
anti-tumor antibodies generated by vaccination, we have evaluated 
the antibody-stimulating properties of two multivalent constructs in 
mice. Vaccine candidates 3 and 4 were prepared by conjugating the 
totally synthetic glycopeptides 1 and 2, respectively, to the nigWy 
^munoSnic protetecarrier KLH. QS-21, or the related com- 
pound GPl-0100, was used as an adjuvant to enhance the immune 
response against the tumor-associated antigens present m the 
construct. Initial ELISA investigations (data not shown) of the two 
uotential conjugate vaccines indicated that construct 4 was superior 
to 3 from an immunological standpoint, and, consequently, 4 was 
thoroughly investigated. Remarkably, antibodies raised in response 
to 4 were not only able to identify the individual antigens m ELloAS 
but, as determined by FACS analysis, they also reacted strongly with 
tumor cells known to selectively express each rumor-associated 

^Numerous factors could influence the magnitude of the antibody 
response agamst individual antigens when more than one antigen is 
administered during vaccination. The combination of separate 
pathogen vaccines, such as diphtheria, tetanus, acellular pertussis, 
hepatitis A, Haemophilus influenzae, type b tetanus toxoid conju- 
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Table 1. Vacdnation-induced EUSA-based antibody titers 

Against multivalent 

construct Against Globo-H 



Against Le v 



Against Tn 



(Group) 
Vaccine 



Before 
vaccination 



10 days 
after third 
vaccination 



Before 
vaccination 



10 days 
after third 
vaccination 



10 days 

Before after third 
vaccination vaccination 



10 days 
Before after third 
vaccination vaccination 



Vacelne " 7Z TTi miwi mfl laM IOG IqM IgG taM IgG IgM ^ 

Formation Mouse* igM igG IqM IgG igM ig€ igM *gG igM igs g b * . — 



<1> 

10 GlobO-H-W-Tn -c 10 *g QS-21 



1.1 

1Ji 

1.3 
1.4 
1.S 
Median 



640 
0 
40 

320 
320 



40 
0 
0 
0 

160 
0 



0 

320 
40 
0 

BO 
40 



0 

o 
* 

40 
40 
0 



BO 
160 

40 
1« 
160 
160 



10 uflGlobo-H-Lcif-Tn + KLH (nonconjugatfid) i 10 ^ QS-21 

M O O 320 320 

2 ^ 0 O 160 $40 

2.3 0 0 0 320 

z< 4 o O 160 320 

2*5 0 0 160 320 

Median 0 0 160 320 



(31 

3 pg GlcbO-H-Ler-Tn-KLH + 10 Ag Q5-Z1 



3.1 

3.2 

3.3 

3.5 
Maditw 



160 
640 



5120 
1Q240 



1280 10240 

6*0 2560 

320 1024O 

640 10240 



(4) 

3 ?g aloboH-Lc*-Tr*-»ah + 100 j*g gpmhoq 



4.1 

4.4 
4.5 
Median 



£40 4O360 

160 20450 

2560 40960 

2550 20460 

1260 40960 

12B0 4096O 



(5) 



3 Gl6bo-H-KLH. 3 ft) Le'-KLK 3 Tn-KLH + 10 Mfl 0>" 



6.1 
5.2 
5.3 
5.4 
5.5 
Median 



0 
0 
60 
0 
0 
0 



$0 640 

640 320 

0 0 

12B0 640 

2550 1280 

640 640 



0 


0 


40 


40 


0 


0 


0 


ao 


320 


0 


0 


0 


0 


40 


0 


0 


0 


0 


160 


0 


320 


40 


0 


0 


80 


0 


160 


40 


0 


0 


0 


0 


160 


0 


0 


0 


160 


0 


ao 


0 


0 


0 


0 


40 


0 


0 


0 


0 


0 


0 


00 


40 


0 


0 


0 


0 


40 


40 


0 


0 


0 


0 


40 


40 


0 


0 


0 


0 


40 


40 


0 


0 


so 


0 


40 


0 


0 


0 


0 


0 


160 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


40 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


40 


0 


0 


0 


0 


0 


160 


40 


0 


0 


0 


0 


320 


160 


0 


0 


0 


0 


160 


40 


0 


0 


160 


0 


160 


0 


0 


0 


160 


0 


320 


60 


0 


0 


0 


D 


160 


40 


0 


0 



90 
0 
0 

40 
80 
40 



00 
320 
160 

40 

eo 

80 



30 
160 

£0 
640 

80 

80 



40 
160 
160 

60 
160 
160 



40 
40 
80 
0 
40 
40 



40 
80 

ao 
eo 

BO 
60 



40 
40 
40 
320 
0 
40 



eo 

60 
160 
SO 
BO 



0 
0 
0 
«0 
60 
0 



SO 
160 
0 

so 

40 

$0 



80 
SO 
320 
320 
160 
160 



160 
320 
320 
320 
1200 
320 



0 
320 
320 
160 
160 
160 



320 
0 

BO 
320 

80 
160 



160 
160 
640 
640 
1280 
640 



12«0 81920 

60 10240 

Si 20 61920 

12BO 163940 

1280 40960 

1280 81320 



-Each number corresponds to an individual mouse. 

gate, and inactivated poliomyelitis, generally results in similar 
antibody responses against the individual components, whether 
they axe administered separately, simultaneously, or sequentially 
(34-36). Similarly, combining purified bacterial capsular polysac- 
charides does not sccro to reduce the rniraunogenicity of the 
individual polysaccharide components. By contrast, for conjugate 
vaccines, several factors could potentially negatively impact the 
antibody response to individual antigens, especially when mono- 
meric conjugate vaccines are combined and administered by using 
a mixture-like approach (37-45). 

In some instances, exposure to a carrier appears to produce an 
amplified response on subsequent challenge, thereby resulting in 
increased antibody production against antigens conjugated to the 
same carrier protein (37, 3$). In other cases, prior exposure to a 
carrier results in increased antibody levels only against the earner 
and not to the conjugated antigens (39-41). Combining conjugate 
vaccines containing the same carrier, or simultaneous administra- 
tion of the carrier in nonconjugated form, may result in a decreased 
antibody response against the Target antigens (42-45). These com- 

13702 I www.pnsi.6rg/cgVdoi7ie.1073/pnaU02427599 



plications could perhaps be abided through combination of the 
various antigens on the same conjugate vaccine. Of course, it is 
possible that, on combining several antigens within the same 
construct, the immune response against one or more of the mem- 
bers of that set could be suppressed. ArMtionaUy, cross-reactrvity 
involving more than one antigen might be observed, which would 
be expected to result in a portion of the antibody populauon 
produced having reduced affinity to particular antigens displayed 
on the cell surface. SigiuficanOy, our studies with compound 4 
revealed that there was no substantia} decrease in antibody titers 
over the course of immunizations with 4. Furthermore, no indica- 
tion of an impaired antibody response against the individual 
antigens within the construct was apparent, as assessed by ELLS A 
and FACS analysis. In fact, the antibody response for each indi- 
vidual antigen withm the clustered construct was similar to that 
observed when the mixture of individual monomers was adnutnsp 
tered. What is even more significant, from a potential therapeutic 
point of view, is that, compared with the mixture of monomers, 
antibodies raised to the multivalent construct exhibited equal or 

togupAthi et -9/- 
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T*l e 2. FACS mm, UGM ISC M with ta— «. *** ^'7""'^!". 

% positive cells by FACS (MR)* 



(Group) 
Vaccine 
formulation 



CD 

io jig Gtobo-H-Le*-Tn + ifl Q5-21 



(a 



10 Gl<rt»?-H-U*-Yn + KLH CnonconjugaiedJ i- 10 pg QM1 



U) 



3 *g Glob6-H-Le»-Tn-KLH 1 0 f9 Q> 21 



3 M elot»4*-Le)t-TrHCLH + too SPl-0100 



(5) 

3 m5 fflobe-H-KLH, 3 ;ig LtfHCLH, 3 M Trt-KLH + 10 pfl Q5-21 



1.1 
l* 
1.3 
t.4 
1.5 
Madia n 



2.1 
2.2 
2.3 

2.4 

Median 



3.1 

3-3 
3.3 
3,4 
33 
Median 



4.1 

4.2 
4*3 
4-4 
4.5 
McdlftA 



3.1 
5.2 
5.3 
5.4 
£5 
Median 



MCF-7 human breast cell line 



Before serum 



After Serum 



Mouse* igM 



10 £21) 
9(13) 
10(15) 
10(5) 
10(14) 
10(14) 



10 (51) 

11 (44) 
11 (41) 
11 (38) 
10(44) 
11(44) 



10(42) 

11(36) 
11(43) 
11(33) 
11(56) 



11(33) 
12(39) 
10(37) 
12(41) 
11(34) 
11(57) 



12(4?) 
12 03) 
10(34) 
11 (31) 
12(17) 
«(34) 



11(12) 
3(12) 
11(10) 
11 (?) 
10(S) 
11 do) 



10(12) 
10<10) 
9(9) 
10(7) 
10(10) 
10 (10) 



1KB) 
10(5) 
11(10) 
11(7) 

11(7) 



iota) 

10(B) 

10<1D 

10(7) 

10(3) 

10W) 



11(10) 
10(g) 
10(3) 
10(7) 
9(7) 
10 w 



IgM 



s (IB) 
31 PS) 
15(17) 
28(11) 
29 (20) 
28 (18) 



31 (6S) 
43 (79) 
66 (99) 
82(127) 
51(65) 
S1(86> 



46 (62) 
93 (144) 

76 (109) 
53 (S3) 

77 (95) 
7$ (95) 



47(65) 
66(102) 
73 (100) 
87(167) 
£S (76) 
66 (100) 



41 (59) 
96 (175) 
77(103) 
69 (75) 
96 (B9) 
77(69) 



)g6 



11(11) 

a O) 

9(11) 
16 (11) 
15(2S) 
11(11) 



11(11) 

ia(i6) 

13(15) 
20 [16) 
20 (16) 
IS (16) 



20(11) 
48(16) 
26 (16) 
23(12) 
39(15) 
26(15) 



17(10) 
36(25) 
8(11) 
23(12) 
57(26) 
23(12) 



14 (11) 

16(10) 
23 (12) 
30(16) 
25(11) 
23(11) 



LSC human co ign cell line 
Before ierum After serum 



igM tg<3 igM tgfi 



10(31) 

n (30) 

10(52) 

10(32) 
10 (31) 



10(14) 
10(13) 
10(64) 
10(70) 
10(62) 
10(63 



11 03) 
10(16) 
1101) 
11(63) 
10(58) 
11(58) 



10(14) 
9(21) 
10(17) 
11(91) 
10(69) 
10 (21) 



10(12) 
10(17) 
10(12) 
10(10) 
11(11) 
10(12) 



12(36) 
11(31) 
10(50) 
7(22) 
10(32) 
10 (32) 



12 (14) 
11(15) 
1102) 
15(14) 
14(14) 
« (14) 



10(20) 


11 (13) 


15(21) 


18(17) 


11(19) 


11(13) 


2d (Z9) 


2909) 


10(34) 


11(11) 


22(50) 


14(12) 


11 (54) 


11(17) 


12(61) 


23(37) 


10(20) 


1101) 


45(67) 


21 (T9> 


10(20) 


10(13) 


22(50) 


2109) 



1*02) 

10(5) 

10(25) 

11(52) 

10(20) 

10(22) 



10(8) 
10 (10) 
10(28) 
9(») 
10(22) 
10(22) 



10(13) 
10 (10) 

11(27) 
10(23) 
10(27) 
10(23) 



20(16) 
70(32) 
18 (94) 
20 (107) 
24(95) 
20 (94) 



23 08) 
31 R6) 
1S(1Z2) 
72 (2Sl) 
13(66) 
23(66) 



14(17) 
32(44) 
78(131) 
7(73) 
IB (110) 
18(73) 



7 07) 
68 (24) 
30(68) 
14(60) 
38 (53) 
30(53) 



25(13) 
43 07) 
19(50) 
36 (67) 
29 (54) 
29 (50) 



16 (24> 
22 02) 
29(53) 
22(36) 
52(70) 
22(36) 



*Mean fluorescent* intensity. 



Ay. MrtOdonil antfcOOV 3S193 (IgG) showed 99%, VK-d showed 42* on M<F7; *S193 09® snO«*d 7fi%, HB-Tn-1 showed 91* on LSC 



higher reactivity with human cell lines expressing the native anti- 
gens, as determined by FACS analysis. Interestingly, although 
relatively high EUSA-based antibody titers were observed when 
sera resulting form vaccination with the polyvalent construct were 
screened against the por/valent construct itself (see Table 1), 
FACS-based analyses (see Table 2) showed that that sera reacted 
just as well as sexa derived form the monomers, the EIISA-based 
data in this case would seem to suggest that there was, indeed, 
cross-reactivity of antibodies between the antigens in the multiva- 
lent construct- However, the FACS data clearly indicate that this 
cross-reactivity does not negatively impact recognition Of the an- 
tigens on the ceTJ surface. 

The lack of suppression of the antibody response against these 
multiantigenic vaccines may well be because of the KLH/ adjuvant 
combination (7, 9, 10). The use of KLH as carrier and QS-2X as 
adjuvant has been shewn to result in a potent helper T cell type 1 
response (7). This is likely the case for GPI-0100 as wen, given its 
close structural relationship to QS-21. We have previously shown 
that KLH is more effective as an immunogenic carrier than are a 
variety of other standard proteins. We have also demonstrated that 
for GD3-KLH and MUCl-KLH conjugates, adjuvants such as 



RAgupsihl et *i. 



QS-21 induce a 1,000- to 100,000-fold augmentation of antibody 
responses in the mouse, compared with the use of the conjugates 
alone (9, 10). However, because our goal in the present study was 
primarily that of determining whether a multivalent conjugate 
vaccine could be administered without clear loss of immunogemciry 
against the individual components, we did not attempt to saturate 
the system- 
Several other observations arc noteworthy. Because GPI-01 00 is 
less toxic than QS-21, greater quantities of GPI-0100 could be safely 
administered to the mice, and this resulted in a commensurate 
increase in antibody production. Also regarding antibody produc- 
tion, in general, compound 3 produced lower liters than compound 
4. The structural differences between 3 and 4 may accoun t for the 
immunological variance observed for these vaccines. Compound 3 
is a more accurate mimic of mucin grycoproteins, Clustered gry- 
coamino acids containing the mucin a-O-ttnked GalNAc core are 
highly rigidified, even in the case of very short glyeopeptides, as a 
result of specific interactions between the gykan and peptide 
backbone (20). Thus, as a result of such structurally based inter- 
actions, use Of a mucin mimic that is faithful to the known 
architectural features of the cell surface molecule might impede the 
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Kg. 4. Analysis of cell surf aw reactivity of igM and 195 antibodies in sera 



from mice immunized with construct 4 against mcf-7 by FA<3< 



identification of the individual constituent antigens displayed cm 
the peptide backbone during the immune response. In addition, the 
close resemblance of the structural core of the mucm-based vacanc 
construct (3) to self wxtigens within the mice, might make it more 
difficult to break tolerance. . { , 

We regard this study as providing an important proof of principle 
for the concept that single vaccine constructs, bearing several 
different carbohydrate antigens, have the potential to stimulate & 
multifeceted immune response necessary for optimal targeting or 
the heterogenous population of cells associated with a particular 
cancer type. Thus, because Globo-H, 1^, and Tn are each oyer- 
exprcssed on prostate cancer, vaccination with 4 could potentially 
induce a broader range of antibodies, which will have a greater 
likelihood of accomplishing hnmunosurveillancc against a greater 
ranee of aberrant cells. It goes without saying tot the scheme we 
have developed (24, 25) to reach these constructs is, in prmcipie, 

L Zhan^ 5-. CocdoiKSlrto^ C, ZbdaQ, M- Haute*, V. >=., Adhiri. 5, HamiltOD, &, Uoyd ( 
Uvfewioa, P. O, /V. J. Ciortoo- 73* 50-56. /w*.ft« 
A. Uvmiwra. F. O- (1995) &m. Cm\ca Btol. 3*7-366. 

7. Hcllfoi, Shan*. A. C*M3- M» Zh*Afi. S_ Ikn. S, Yn, R. Ju. Oei*en. H. P. & LtrffifjKUD, 

12. Rfi^pal^ Mty**, /5h* S, How** L-, Mm,^ C A UriflplM, P- 0- (M00) ftf. 

13, S^l P ."S^ov. V., R^fti. O. DnLhcft*. 3. IMigg* P,0 ; Barren, 



Lfcnttifln, P. O. [2000.) fat. I Cansv n JOT-ai 



,DadtpwUcy.S.J. 

UfejtWB, P. O. [2000.) /rfl. i. Carter TS.a^ ai*- , . „ , k ™ „ A tfffc M n 
U. SkO, W-STTf, A^ori S., Ito*. »- Kim. I- i, toft M- M» 

m. n. m.. a. k, waii w l. j., o^%^^«^^f^ imSSE 



Teadiry adaptable to the inclusion of more complex paUems of 
riycosylation and more elaborate peptide motifs which might 
activate other elements of the immune system. Such possibilities 
are being considered and pursued. The encouraging murine data 
described herein serve to support the case for initiating clinical 
trials with uaimolecular multiantigejiic vaccines of even greater 
immimodiversuy. 
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